Introduction {#S0001}
============

Coeliac disease (CD) is a systemic disease of immunological aetiology, caused by gluten and gluten-related prolamines, in patients genetically predisposed to it. It is distinguished by diverse clinical manifestations and the presence of specific antibodies, haplotype DQ2 and/or DQ8 and enteropathy \[[@CIT0001]\]. Occurrence of CD is determined by mutual interactions of genetic and environmental factors. HLA-DQ2 histocompatibility antigens (A1\*0501-B\*0201 or A1\*0201-B\*0202) and HLA-DQ8 (A1\*0301-B1\*0302) occur in 95% and 5% of patients with CD, respectively. The presence of these antigens, though necessary, is not sufficient for CD to occur \[[@CIT0002]\]. Genetic factors not only condition the occurrence of CD but also determine its course. In patients being homozygote DQB1\*02 the onset of the disease is earlier and the risk of complications is higher \[[@CIT0003]\]. The prevalence of CD, assessed based on a systematic review of literature is 1/160 people in the overall population \[[@CIT0004]\] with some regional differences, mostly related to different distribution of causal factors (level of gluten intake and frequency of HLA-DQ2 and HLA-DQ8) \[[@CIT0005]\].

Scientific reports based on serological studies suggest that for every patient in whom the disease is diagnosed, 8 cases are estimated to go undetected \[[@CIT0006]\]. Literature provides data stating that CD is more frequent in patients with some autoimmunological and genetic diseases, compared to the overall population. The prevalence of CD in patients suffering from type 1 diabetes mellitus assessed in numerous studies was 3--16% \[[@CIT0007]--[@CIT0011]\], the prevalence of CD in patients with an autoimmune thyroid disease was estimated at 2--4.4% \[[@CIT0012], [@CIT0013]\], and the prevalence of CD in patients with autoimmune hepatitis was estimated at 13.5%. Genetic syndromes associated with CD include Down, Turner\'s, and Williams syndrome \[[@CIT0001]\].

Down syndrome (DS) is, in the general population, the most frequently occurring chromosomal aberration and the main genetic factor causing moderate mental impairment. The prevalence of DS is estimated at 1/800 of life births \[[@CIT0014]\]. Studies have shown that patients with DS suffer from immunological disturbances, are more susceptible to infections, and have higher risk of neoplasms and autoimmune diseases \[[@CIT0015], [@CIT0016]\]. The most significant relation was detected for DS and autoimmune thyroiditis and CD \[[@CIT0017], [@CIT0018]\].

The first case of a patient with DS and coincident CD was described by Bantley in 1975 \[[@CIT0019]\]. Since then, a more frequent occurrence of CD in patients with DS was found in many countries. However, there has been no data concerning the coincidence of these two conditions in Poland.

Aim {#S0002}
===

The aim of the study was to assess the prevalence of CD in patients with DS in the Polish population.

Material and methods {#S0003}
====================

The study enrolled 301 patients with DS from 6 gastrological centres (Wroclaw, Sandomierz, Rzeszow, Grudziadz, Katowice, and Bydgoszcz), aged between 1 and 34 years. They were all on a gluten-containing diet. The group comprised 137 (45.5%) females and 164 (54.5%) males. Two hundred and forty-two patients had diagnosed regular trisomy, 9 patients had translocation trisomy, in 10 patients genetic test showed mosaicism, and in 40 cases the patient\'s guardians did not remember the result of the genetic test. After written consent had been obtained from the legal guardians of all patients, we measured the concentration of anti-tissue transglutaminase IgA antibodies and anti-deamidated gliadin peptide IgG antibodies, using the Phadia 100 system (ELiA, Thermo Fisher Scientific). The tests were performed in the Department of Pathology of the Children\'s Memorial Health Institute in Warsaw. Patients with positive (\> 10 U/ml) or possibly positive (7--10 U/ml) result of the serological test were offered endoscopic biopsy of the small intestine in the main centre. The microscopic picture of the biopsy samples of the small intestinal mucosa was assessed according to a modified classification by Marsh-Oberhuber \[[@CIT0020]\].

At the moment of study enrolment all patients filled in a questionnaire concerning their body mass, height, clinical symptoms associated with CD, and co-morbidities. Due to the broad range of subjects' age, their body height was presented as height-standard deviation score (H-SDS) based on the following formula:$$\text{body\ height\ H} - \text{SDS} = \frac{\text{height\ of\ the\ child} - \text{height\ 50c}}{\frac{\text{1}}{\text{2}}(\text{height\ 50c} - \text{height\ 3c})}.$$

Similarly, body mass index (BMI) was presented as BMI-standard deviation score (BMI-SDS), which was based on the following formula:$$\text{BMI} - \text{SDS} = \frac{\text{BMI\ of\ the\ child} - \text{BMI\ 50c}}{\frac{\text{1}}{\text{2}}(\text{BMI\ 50c} - \text{BMI\ 3c})}.$$

The results of the comparison of questionnaire data of patients with negative (group 1) with positive and inconclusive results (group 2) of serological tests were analysed statistically.

Statistical analysis {#S20004}
--------------------

Statistical analysis was carried out with use of Statistica programme by StatSoft. The probability of distribution of the analysed features to the normal distribution was verified with the Shapiro-Wilk test. If the distribution of the features was normal the *t*-Student test was used. For features not showing normal distribution (BMI-SDS) the Mann-Whitney test was applied.

Results {#S0005}
=======

In 31 (10.3%) patients increased concentration of the investigated antibodies was found, including 19 (6.3%) patients with increased tTg-IgA concentration, 27 (9.0%) with increased concentration of DGP-IgG, 15 (4.98%) patients with increased concentration of both types of antibodies, and 12 (3.98%) patients with only the DGP-IgG concentration being abnormal ([Table I](#T0001){ref-type="table"}).

###### 

Results of serological tests in patients with Down syndrome

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Number of examined patients   Number (%) of patients with\   Number (%) of patients with\   Number (%) of patients with\   Number (%) of patients with\   Number (%) of patients with\
                                tTg-IgA (+)                    DGP-IgG (+)                    tTg-IgA (+)\                   tTg-IgA (+)\                   tTg-IgA (--)\
                                                                                              DGP-IgG (+)                    DGP-IgG (--)                   DGP-IgG (+)
  ----------------------------- ------------------------------ ------------------------------ ------------------------------ ------------------------------ ------------------------------
  301                           19 (6.3%)                      27 (9.0%)                      15 (4.98%)                     4 (1.3%)                       12 (3.98%)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endoscopic biopsy of the small intestine was planned for all 31 patients with a positive result of at least one antibody test and for 2 patients with a possible positive result. Biopsy of the small intestine was eventually performed in 23 patients. One person had a previously diagnosed and histologically confirmed CD. Small intestine biopsy was not performed in 9 patients due to the following reasons:earlier introduction of gluten-free diet by the parents (2 patients);lack of consent to a biopsy of the small intestine (4 patients);contraindications for biopsy of the small intestine (3 patients; in all of them the concentrations of specific antibodies were normal; 1 patient had a confirmed genetic predisposition for CD -- the presence of haplotype HLA DQ2).

In a group of 23 patients who underwent endoscopic biopsy of the small intestine, 15 patients presented with intestinal changes typical for CD (confirmed in histopathological examinations of the small intestinal mucosa), such as villous atrophy, crypt hypertrophy, or intraepithelial lymphocytosis. Two patients were diagnosed with lesions of grade 1 according to a modified Marsh-Oberhuber classification, 1 patient was diagnosed with focal shortening of villi and hypertrophy of the crypts with no intraepithelial lymphocytosis (remains under gastrological observation), 2 patients were diagnosed with mucosal inflammation of the duodenum, and 3 patients were found to have a normal histopathological picture of the small intestine.

Comparison of the group of patients with negative results of serological tests (group 1) with the patients having positive or possibly positive results (group 2) revealed that the groups were similar as regards the sexes; however, patients from group 2 were statistically significantly older than those from group 1 ([Table II](#T0002){ref-type="table"}). There were no statistically significant differences found between H-SDS and BMI-SDS in the compared groups ([Tables III](#T0003){ref-type="table"} and [IV](#T0004){ref-type="table"}).

###### 

Comparison of patients' age between groups 1 and 2

  Parameters                     Compared groups                 
  ------------------------------ ----------------- ------------- ------
  Age                            *N*               266           33
  Min                            1.0               1.0           
  Max                            34.0              24.0          
  Median                         8.0               12.0          
  Mean                           9.2               12.5          
  SD                             6.55              5.95          
  Shapiro-Wilk normality test    *W*               --            0.96
  *p*                            --                0.3112 (NS)   
  Normal distribution            --                Yes           
  Snedecor\'s *F* distribution   *F*               1.21          
  *p*                            0.5211 (NS)                     
  Student\'s *t*-test            *t*               --2.78        
  *p*                            0.0058                          

###### 

Comparison of SDS body height between groups

  Parameters                     Compared groups             
  ------------------------------ ----------------- --------- ---------
  H SDS                          *N*               247       31
  Min                            --8.00            --6.62    
  Max                            4.000             1.200     
  Median                         --2.67            --2.50    
  Mean                           --2.45            --2.58    
  SD                             1.821             2.042     
  Shapiro-Wilk normality test    *W*               --        0.97775
  *p*                            --                0.74756   
  Normal distribution            --                Yes       
  Snedecor\'s *F* distribution   *F*               1.2580    
  *p*                            0.3505 (NS)                 
  Student\'s *t*-test            *t*               0.3689    
  *p*                            0.7125                      
  Mann-Whitney *U* test          *U*               --        
  *p*                            --                          

###### 

Comparison of patients' BMI-SDS between groups

  Parameters                     Compared groups             
  ------------------------------ ----------------- --------- ---------
  BMI-SDS                        *N*               246       31
  Min                            --8.04            --3.80    
  Max                            13.30             8.52      
  Median                         0.733             --0.006   
  Mean                           1.439             0.930     
  SD                             3.220             2.719     
  Shapiro-Wilk normality test    *W*               --        0.92919
  *p*                            --                0.04167   
  Normal distribution            --                No        
  Snedecor\'s *F* distribution   *F*               1.4031    
  *p*                            0.2671 (NS)                 
  Student\'s *t*-test            *t*               0.8422    
  *p*                            0.4004 (NS)                 
  Mann-Whitney *U* test          *U*               0.9291    
  *p*                            0.3529 (NS)                 

There were no statistically significant differences found in the prevalence of abdominal pain, diarrhoea, constipation, recurrent stomatitis, enamel hypoplasia, thyroid diseases, or hypertransaminasaemia between the compared groups. A significantly higher prevalence of abdominal flatulence (*p* \< 0.05) and epilepsy (*p* \< 0.05) was found in the group of patients whose serological test results were negative ([Table V](#T0005){ref-type="table"}).

###### 

Comparison of symptom prevalence between groups

                                        Abdominal pain   Diarrhoea   Constipation   Flatulence   Recurrent stomatitis   Enamel hypoplasia   Epilepsy   Other
  ---------------------------- -------- ---------------- ----------- -------------- ------------ ---------------------- ------------------- ---------- -------
  **Group 1 (268)**            *n*      85               46          102            71           31                     29                  15         17
  \%                           31.7     17.2             38.1        26.5           11.6         10.9                   5.6                 6.3        
  **Group 2 (33)**             *n*      12               9           12             4            5                      2                   0          2
  \%                           36.4     27.3             36.4        12.1           15.2         6.1                    0.0                 6.1        
  **Test for two fractions**   *u*      0.5              1.4         0.2            1.9          0.6                    0.9                 2.0        0.1
  *p* ~*two-sided*~            0.5923   0.1701           0.8494      0.0570         0.5582       0.3684                 0.0464              0.9139     
  *p* ~*one-sided*~            0.2962   0.0851           0.4247      0.0285         0.2791       0.1842                 0.0232              0.4570     

Discussion {#S0006}
==========

This study is the first one to assess the prevalence of CD in patients with DS in Poland. The results of the studies concerning the occurrence of CD in patients with DS in various populations differ significantly. They estimate that the prevalence of CD in people with DS ranges from 1% \[[@CIT0021]\] up to as much as 18.6% \[[@CIT0022]\].

Differences in the results can depend on the number of examined subjects and the criteria that are used in the diagnostic evaluation of CD. Low prevalence rate of CD in patients with DS was found by Turkish researchers, Alanay *et al*., in 2005, who measured the IgAEmA antibodies in 100 patients with DS. A positive result was obtained in only 1 patient, biopsy of the small intestine was not performed due to lack of the patient\'s consent \[[@CIT0021]\].

An exceptionally high prevalence rate of CD in DS (12--18.6%) was observed in Sweden and in the Czech Republic \[[@CIT0022]--[@CIT0024]\]. The study by Kolek *et al*. was conducted on a small group of only 25 patients with DS, which could be the cause of such a high percentage of patients with coincident DS and CD in this study \[[@CIT0024]\]. The results obtained by the Swedish authors \[[@CIT0022], [@CIT0023]\] could be significantly affected by several factors, including higher prevalence of CD in the overall population of Sweden \[[@CIT0025], [@CIT0026]\], the criteria applied in the study, or small number of investigated patients.

The prevalence of histologically confirmed CD in patients with DS in this study was at least 5.4% and is similar to the results obtained in other regions of the world. In a study carried out in Spain on a group of a similar size, CD was diagnosed in 6.3% of patients with DS \[[@CIT0027]\]. In 2011 Bonamico *et al*. conducted a study including 1202 subjects. The study estimated the prevalence of CD among Italian patients with DS at 4.6% \[[@CIT0028]\]. George *et al*. estimated the prevalence of CD in Dutch children with DS at 7% \[[@CIT0029]\]. In three studies carried out in the USA this prevalence was 3.8%, 6.7%, and 3.2% \[[@CIT0030]--[@CIT0032]\].

In the present study serological markers for CD were found in 33 patients with DS (11%). Similar prevalence (10.3%) was obtained by Book *et al*., who investigated IgAEmA antibodies in children with DS living in the USA \[[@CIT0033]\]. In our study all patients with recently diagnosed CD presented with tTG-IgA positivity, with one exception of a patient with a total IgA deficiency, who was DGP-IgG-positive. Patients who underwent biopsy of the small intestine and did not present with histological changes typical for CD were not tTG-IgA-positive (only DGP-IgG-positive), with the exception of 1 patient with a possibly positive result and 1 patient with positive but low tTG-IgA result (37.6 U/ml). This confirms that the tTG-IgA test in patients with DS seems to be a useful diagnostic tool and is probably superior to DGP-IgG test in patients with normal levels of total IgA \[[@CIT0001]\].

In a study by Book *et al*., in patients with positive results for IgAEmA only, flatulence was the only symptom that was more prevalent than in IgAEmA-negative patients. There were no differences observed in body height, prevalence of diarrhoea, constipations, vomiting, or abdominal pain \[[@CIT0033]\]. Bhat *et al*. assessed the prevalence of CD in Indian children with DS and they also took into account the clinical and laboratory parameters. They showed that among various clinical features assessed as possible risk factors for CD only paleness was statistically significantly more prevalent, and out of all laboratory parameters, only anaemia was significantly associated with CD \[[@CIT0034]\]. The present study did not show any significant differences in the prevalence of abdominal pain, diarrhoea, enamel hypoplasia, or recurrent stomatitis. Only epilepsy and flatulence were more prevalent in the group of patients with negative serological test results. Thus, it seems that there is no one particular clinical parameter occurring in all patients with DS that would indicate that diagnostic evaluation of CD is necessary.

A comparison (conducted with use of the test for two fractions) of prevalence of abnormal serological tests and histopathologically confirmed CD in the studied group with the prevalence in the Polish overall population \[[@CIT0035]\] in children with DS, showed that the percentages were statistically significantly higher ([Table VI](#T0006){ref-type="table"}). This indicates the necessity of conducting diagnostic evaluation for CD in all patients with Down syndrome.

###### 

Comparison of prevalence of positive serological tests and histologically confirmed CD between the studied group and the overall population

  Author                                         Number of patients in the analysed population   Number (%) of patients with positive serological test results   Test for two fractions   Number (%) of patients with coeliac disease   Test for two fractions          
  ---------------------------------------------- ----------------------------------------------- --------------------------------------------------------------- ------------------------ --------------------------------------------- ------------------------ ------ -----------
  Szaflarska-Popławska *et al*. \[[@CIT0035]\]   3235                                            26 (0.8%)                                                       13.2                     \< 0.0001                                     8 (0.25%)                10.2   \< 0.0001

Conclusions {#S0007}
===========

Patients with DS are a high-risk group for CD in the Polish population, with an estimated prevalence of at least 5.4%. Serological tools based on tTG-IgA and DGP-IgG tests are useful for the diagnosis of CD in DS patients. tTG-IgA test may be superior to DGP-IgG test in patients with normal total IgA level. Tests for CD should be carried out in all Polish patients with Down syndrome, regardless of the clinical picture.
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